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ABSTRACT: 


The drug molecule produces specific action on targeted tissues or organs to normalize their biological functions. The drug 
molecules in specific tissues or organs has important role in diagnosis or prevention of disease in human. The drug molecules can be 
designed with structure based or ligand based drug designing methods. In addition, the drug molecules in targeted tissues or organs 
can be detected by non-conventional techniques. This review summarizes about drug designing and non-conventional drug imaging 
techniques such as Single Photon Emission Computed Tomography (SPECT), Positron Emission Tomography (PET), Magnetic 
Resonance Imaging (MRD), Near Infra Red (NIR) spectroscopy along with magnetic based technology, nanotechnology, Bio- MEMS 
and laser technology. The present review indicates the potential role of non-conventional drug imaging techniques to detect the 


targeted drug molecule. 


Keywords: Drug designing, Drug targeting, Non-conventional Techniques 


INTRODUCTION 

Drug is a chemical substance, used for the prevention 
or diagnosis of disease or to enhance the physical or 
mental well being. When they are absorbed in the 
body they alter the normal functions of the body [1]. 
Sometimes drugs are used to give pleasurable 
sensations and are called recreational drugs. A simpler 
definition of drug can be given as a chemical substance 
that affects the body and its processes [2]. 


DRUG DESIGNING 

Drug designing is also known as rational drug design 
and is a method of finding medications based on the 
target molecules such as biological receptors. The 
basic step involves in designing of such molecules that 
are complementary to the biological targets to which 
they interact and bind thereby causing the 
pharmacological effects [3]. Drug designing mainly 
concentrate on ligand designing. In drug designing, 
drug should have the following properties like, it 
should lack the toxicity and it should obey the desired 
pharmacokinetic activity (said by TUPAC 
commendium). It is the process of finding new 
medicine, based on the knowledge of specific target 
molecule such as protein to which the designing drug 
will bind. The drug molecule will activates or inhibits 
the function of the biomolecule such as a protein which 
will results in the therapeutic benefit [4]. 


STRUCTURE BASED DRUG DESIGNING 

The interaction of small molecule (drug) with a three 
dimensional structure of the target at specific site, 
happens in structure based drug discovery. The whole 
process is used as a guide to discover a new drug. In 
this method of drug designing we can exactly visualize 
how our drug interacts with the target protein. 


Some techniques like, X-ray crystallography and 
Nuclear magnetic resonance spectroscopy (NMR) 
helps to know the structural information. NMR is a 
comparatively slow method in structure prediction than 
crystallography and 3-D structure cannot be predicted 
for proteins larger than 30,000 Da [5]. 


Structure based drug designing is a method of 
developing a new molecule from its initial state. It is 
compared with de novo method of synthesizing a 
complex molecule. Drug molecule should interact with 
target molecule at the right site and perform a right 
function and that is the most important aim in drug 
designing. The lead compounds are identified by 
screening and de novo design. This has been performed 
to improve the potency and specificity of the lead 
component. Lead optimization is one of the driving 
forces behind structure based drug designing method. 
This explains how a lead compound will quickly bind 
to the target molecule. By this method we can improve 
the binding affinity of our desired molecule (drug) 
easily. 


LIMITATIONS OF STRUCTURE BASED DRUG 
DESIGNING 

In this method are in quantitative prediction of the lead 
molecule’s modification in binding, complexity of 
drug binding process and the conformational response 
of macromolecular structures to ligand binding cannot 
be accurately predicted. 


The estimation of effects due to the factors such as 
polarizability, salvation and enteropy that may have an 
important influence on drug binding energetics cannot 
be estimated accurately. But computational design 
shows many improvements in structure based drug 
designing [6]. 
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LIGAND BASED DESIGNING 

Ligand based designing depends on two dimensional 
or three dimensional chemistry, shape, electrostatic 
properties and interaction of both the drug and the 
target molecule. Ligand based drug designing approach 
need much less information than structure based drug 
designing. It needs knowledge only on _ active 
molecules. The molecules that bind with the active site 
of the target molecules are selected and those 
molecules that can bind with the prior molecule is 
selected and added. By this way the drug molecule is 
developed. When a molecule bind with the target 
receptor it exerts some effect or conformational 
changes on the receptor in a three dimensional manner. 
If the conformational changes are observed to be 
positive for the desired action (may be inhibitor or 
activator) of the drug then the molecule is selected as a 
drug [7]. 


ADVANCED IMAGING TECHNIQUES 

Medical imaging or nuclear medicine is based on 
detecting the nuclear radiation emitted by radiolabelled 
drugs inside the body. The basic requirement for 
imaging is radiation and these radiations are readily 
assessable [8]. 


TYPES OF IMAGING TECHNIQUES 
There are two types of imaging techniques: 
i. Conventional method 
ii. Non-conventional method 


Conventional method 

In many former methods the detection of drugs are 
done by assays of enzymes or monoclonal antibodies. 
A first step improvement was given by using mobile 
devices to detect the drug in saliva and other fluids. 
These are more costly so large amount of money have 
to be spent to test the sample. Electronic monoclonal 
antibodies or immunosensors need well trained user. 
In the year of 2008, a new approach for testing the 
drug for the road side analysis was detected. In this 
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method ultraviolet fluorescence is used. The method 

used two compounds to check. The first compound 

will absorb and generates UV radiations that are 

absorbable by the drug. The second compound will 

absorb UV radiation absorbed drug that can be 
detected by spectrometry [9]. 


Non-Conventional methods 
Several non-conventional 
applicability are 

“* Single Photon Emission Computed Tomography 
(SPECT) 

Positron Emission Tomography (PET) 

Magnetic Resonance Imaging (MRI) 

Near Infra red (NIR) 

Magnetic targeted carrier Technology 
Nanotechnology 

Bio-MEMS technology 

Laser technology 
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SPECT 

Single Photon Emission Computed Tomography 
(SPECT) is the in vivo method of imaging human body 
with the help of gamma radiation. Kuhl and Edwards 
produced first tomographs from the emission data in 
1963 that paved the way to view human organs 
internally. It has undergone various changes in the 
hands of many scientists to obtain its best result in 
medical imaging. 


The image given by SPECT is cross-sectional slices 
through the patients, which can be easily manipulated. 
One should obtain 3D images from the SPECT. 
Gamma-emitting radioisotopes in the blood stream of 
the patients are injected to view the drugs that have 
been coated with radioisotopes. The radioisotope 
should be in the form of simple soluble ions. The 
marker of the radioisotope should not alter the 
chemical nature of the drug or it should not alter the 
normal metabolic function of the body [10]. 
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Fig1: Single Photon Emission Computed Tomography 
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THERAPEUTIC APPROACHES USING SPECT 
Radio isotopic assay developed for observing radio 
labeled drugs in the vertinary and food animals. The 
radio labeled drugs are characterized by mass 
spectrometry, nuclear resonance spectrometry and 
infrared spectrometry [11]. 


The Near-infrared absorption and __ scattering 
spectroscopy has been used to detect the limit of 
glucose. Skin layered models are used to perform the 
experiment. The result satisfied the requirement of 
food and drug administration of noninvasive glucose 
sensing [12]. 


The ocular spectrometer was constructed with a hand 
held sensor head. By placing the sensor head on the 
surface of the cornea, demonstration of real time, 
ocular drug detection in living eye using absorption 
spectroscopy is done. Brimonidine drug detection in 
cornea and anterior chamber of in vivo human and 
rabbit eye has been clearly demonstrated. It functions 
as an absorption spectroscopy and can be improved to 
fluorescence spectroscopy for pharmacological use 
[13]. 


Interactivity Laser Spectroscopy (ILS) sensor is used 
to detect narcotic drugs taken by a person. ILS is used 
to detect the presence of drugs and their metabolized 
by-product vapor in an enclosed space such as vehicle. 
It is also used as road side detectors to detect the 
presence of such drugs. Fluorescence microscopy 
imaging is used to study the dynamics behavior of 
microtubules of kidney in different drug dynamics. By 
this imaging the microtubules are detected and tracked 
[14]. 


SPECT experiment is performed to measure ketenserin 
dose dependent displacement in the cerebral region 
rich in 5-hydroxytryptamine sub type 2A (5-HT»,) 
receptor. SPECT was performed on healthy individuals 
from the time of injecting radio iodinated 4-amino-N- 
1-[3-(4-fluorophenoxy) propyl]-4-methy]-4- 
piperidinyl] 5-iodo-2-methoxybenzamide ('”-R91150) 
until 470 minutes afterward. The dose dependent 
displacement of ketenserin in the cerebral region rich 
in 5-HT., receptors is measured using '“I- 
R9LIS5O0SPECT. Measurements of drug induced 5- 
HT, receptor occupancy in humans are done using 
SPECT ligand [15]. 


Accurate and reliable measurements of drug delivery 
to the lungs are done by inhaling radiotracers. Imaging 
those radiotracers through SPECT and PET is possible 
to take these measurements. Topical drug delivery to 
the lung remains the route of choice for administering 
drug therapy. Isotopes are mostly used as tracers for 
SPECT. 99m-technetium or pertechnetate (°"TcO4) is 
often used isotope for SPECT. The half life of the 
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isotope varies depending on the drug labeled for the 
specific test measurement. Some studies involve direct 
labeling of the drug. 123I-interleukin-1, 123I]- 
interleukin-8 and the neuropeptidel11 in-substance-p 
are small proteins and peptides as radiopharmaceutical 
agents, used for direct imaging of acute inflammation 
and infection through SPECT. SPECT imaging has an 
advantage that accuracy of assessing the pattern of 
drug deposition within the lungs [16]. 


Chemosensitivity of lung cancer to mitomycin C 
[MMC], and otoposide [VP-16] independently of Pgp 
[P-glycoprotein] expression can be predicted by the 
noninvasive in vivo examination of ””Tc-hexakis-2- 
methoxyispbutyl sonitrile SPECT images [°’"Tc-MIBI 
SPECT]. It has been reported that in various tumors 
the transport substrate for Pgp is 99mTc-MIBI and its 
accumulation is very high. In addition, Pgp expression 
and 99mTc-MIBI uptake and their relationship also 
explained. The usefulness of 99mTc-MIBI SPECT for 
in vivo assessment of lung cancer chemo sensitivity 
has been evaluated. These markers are also used for 
viewing various cancer images using SPECT [17, 18]. 


Presynaptic dopamine transporter (DAT) and 
postsynaptic dopamine Dy, receptor are striatal 
dopamine binding structure. The assessment of these 
simultaneous dopamine binding structures in first 
episode drug-naive schizophrenic patients has been 
compared to healthy control person by dual-isotope 
SPECT technique. Functionally interrelated anatomic 
structures can be evaluated using in vivo dual-isotope 
imaging. The extent of delusions, conceptual 
disorganization and hallucinatory behavior has been 
demonstrated along with inverse correlation between 
DAT and Dy, availability. Significant higher DAT 
availability in patients with predominant positive 
symptoms was observed than the healthy individuals 
[19]. 


Penetrations of several diagnostic imaging agents are 
restricted by several barriers. They exist between blood 
and neural tissue, in the endothelium of parenchymal 
vessels (blood-brain barrier, BBB), epithelia of 
choroids plexus and arachnoid membrane. The 
snapshots SPECT on the cerebral perfusion using '*I- 
and °"Tc-labelled lipophillic agents can be used to 
image delivery of diagnostic agents to the central 
nervous system. The agents that can reach plateau 
concentration of in the brain within 15-15 minutes 
after injection are used. They are lipophilic and freely 
diffusible across the (blood brain barrier) BBB and are 
used for SPECT imaging. Some commonly used 
agents are ”'"Tc-hexamethyl propylene amine oxime 
(°"Tc-HMPAO) and 99mTc-ethyl cysteinate dimer 
(°"Tc-EDC). Cerebral perfusion can be calculated by 
the SPECT image obtained through these agents [20]. 
The molecular hallmark to select metastatic cancers is 
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matrix metalloproteinase-14 (MT1-MMP or MMP- 14). 
It is a membrane associated protease. The in vivo 
detection of MMP-14 is good for studying its role in 
pathologic processes and its detection will be used as a 
guide for the development of targeted molecular 
therapies. MMP-14 sensitive probe for SPECT 
imaging has been made by the combination of design 
strategy and computational chemistry along with 
parallel synthesis and protease cleavage studies. It will 
be used to target the metastatic cancer and it will be 
viewed through SPECT images [21]. In the study of 
thermosetting ocular drug delivery system, SPECT is 
used for in vivo or ex vivo evaluation of thermosetting 
gels. This thermosetting ocular drug delivery system is 
used to deliver ophthalmic drug, which will not make 
irritation of cold to the sensitive ocular tissues in to the 
eye at room temperature [22]. For the treatment of 
Parkinsons disease testing putative neuroprotective 
agent is the important one. The loss of presunaptic 


Stabte 
nucide 
~ 
1 
1! 
1 


Positron scatters in 
tissue losing energy 
Positron emitting 
isctope 


Neutrino 


Detector 


Auminl@lation 


Annihilation 


ISSN: 0975 — 8704 

IJBLST (2010), 2(1):1-10 

nigrostryatal projections in Parkinson’s disease has 

been showed by '*I-8-CIT SPECT images. These 

types of several biomarkers are used in various 
therapies [23]. 


PET 

Positron Emission Tomography (PET) is an imaging 
technique that produces three dimensional image in the 
body. It was introduced by David E Kuhl and Roy 
Edwards in 1950. 


The imaging technique was further developed by 
Michel Ter-Pogossian, Michael E.Phelps. PET is used 
in both medical and research tool and is used in 
clinical oncology and diagnosis. PET is also used in 
pre-clinical studies in animals, mapping human brain 
and heart. PET imaging is performed by means of 
PET scanner and by means of gamma camera [24]. 


Fig2: Positron Emission Spectroscopy 


THERAPEUTIC APPROACHES USING PET 
Positron Emission Tomography was used as a research 
tool for the development of new drugs at lower costs. 
This is a powerful imaging technique and is used in 
designing dosage levels and regimens of Central 
Nervous System (CNS). The main use of PET is the 
imaging of the neuroreceptor a target binding site in 
the brain. The imaging of the neuroreceptors helps to 
study the relationship between the dose of drug 
administered and the receptor occupancy [25]. 


PET was used for imaging the nicotinic acetyl choline 
receptors (nAChRs) in the human brain to study their 
functions in normal and pathogenesis of brain 
disorders. The in vivo visualizations are carried out by 
means of PET and 2-[{'*F] _ fluoro-3-2-(s) 
azetidinylmethoxy pyridine (2-['*F] FA. The nicotinic 
acetyl choline receptors can be viewed in the thalamus 
after 5 hours of injection [26]. 


Positron Emission Tomography was used to observe 
the oral drug deposition in the gastro-intestinal tract 
and to observe the process of oral drug absorption. For 
hexose absorption PET probe used is 2-[18F] fluoro-2- 
deoxy-D-glucose [27]. PET was used to study the 
retention and spatial distribution of iododeoxyuridine 
(1UdR) a DNA-targeting radiosensetizing drug used in 
brain tumors. The drug was given intravenously and 
their distributions inside the various brain tissues are 
examined [28]. 


Drug development based on PET molecular imaging 
needs some additional technologies such as cyclotron 
and PET scanner. With these we can exploit the 
pharmacodynamics and pharmacokinetic properties in 
normal and diseased tissues [29]. 


PET imaging has an advantage that accuracy of 
assessing the pattern of drug deposition within the 
lungs In PET the actual drug molecule can be labeled 
by radionuclides. Carbon, Nitrogen and Oxygen are the 
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constituents of any organic molecules so labeling 
actual drug molecule is possible. The dose deposition 
of drug in the lungs and dose per 5-mm slice of lung 
tissue were analyzed by the PET images. The practical 
result provided a possibility of identifying the absolute 
doses of deposited drug and doses per unit volume of 
lung through the PET images. Inflammation in lungs 
can also be measure using the PET images by 
subjecting with specific markers like '‘FDG that can be 
absorbed by the inflammatory cells of the lungs [16]. 


HPMA (N-(2-Hydroxypropyl) methacrylamide co- 
polymers and their drug conjugates are the most 
investigated drug delivery system with various types of 
instruments such as SPECT, PET, and MRI. This has 
been used to study the pharmacokinetics and the 
efficiency of the HPMA co-polymers in drug targeting 
[30]. In vivo molecular imaging of the psychiatric 
drugs is done with the help of Positron Emission 
tomography (PET) and Single Photon Emission 
Computed Tomography (SPECT). They are used for 
measuring the receptors present in the range of 
nanomolar to the picomolar concentrations. These 
studies helped in the development of new drugs [31]. 


Due to chronic use of the opiate brain dopamine 
neurons are impaired. In drug carving methasone 
treatment is used which leads to the impairment of the 
dopamine neurons. To study this mechanism imaging 
of the dopamine receptors is done by means of PET 
[32]. 
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For imaging and quantifying the molecular 
mechanisms of oncology in man Positron Emission 
Tomography was used to image the molecular 
pathways and interactions and provides the kinetic 
information. It is the most specific and sensitive 
imaging technique [33]. 

Positron Emission Tomography is a molecular imaging 
technique and they require some radiolabelled probes 
which emits positron radionuclides. Developing new 
probes is a challenging one and it leads to the 
development of new drugs [34]. 


MRI 

Magnetic Resonance Imaging technique is used for 
better understanding of an object by imaging them. 
Forming a frame work of an object by mapping some 
property of that object is called as imaging. Measuring 
and mapping the magnetic property of an object is 
done by MRI. The image created by the MRI depends 
on the rate of magnetization of each point of an object. 
It is commonly used in radiology to visualize detailed 
internal structure and limited function of the body. It is 
useful for neurological imaging, musculoskeletal 
imaging, cardiovascular imaging and _ oncological 
imaging. Raymond vahan Damadian invented MRI 
scanning method and achieved life time achievement 
award by Lemelslon-MIT program in 2001[35]. 


MRi Scanner Cutaway 


Fig 3: Magnetic Resonance Imaging 


Therapeutic approaches using MRI 

Nanocarrier based chemotherapy become success if 
only the drug extravagated across the blood brain 
barrier. This is said to be vascular permeability. This 
vascular permeability varies depending upon the 
tumors. A multifunctional 100 nm scale liposomal 
agent encapsulating the gadolinium based contrast 
agent for contrast enhanced magnetic resonance 
imaging has been developed for brain tumour therapy. 
The intratumoral distribution of gadolinium loaded 


nanocatrier in rat glioma model has been tracked using 
9.4 T MRI systems [36]. 


To view the drug delivery by intra articular injections 
MRI is used. The results have proved that real time 
MRI is useful in achieving high rates of intra articular 
injections. MRI guided selective injection procedures 
of temporomandibular joints are safe [37]. 


Multifunctional micelle encoded with lung cancer 
targeting peptide and encapsulated with super 
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paramagnetic iron oxide and Doxorubicin has been 
used for cancer targeting and viewing the drug 
molecule along with the cancer. The super 
paramagnetic oxide and Doxorubicin facilitate the MR 
imaging. T2-weighted MRI is used to predict the 
results [38]. 


Using MRI analysis intra pericardial drug delivery 
mechanism has been done. Extracellular MRI contrast 
agent gadopentetate dimeglumine has been used as a 
model. Successful pharmacokinetic result has been 
obtained [39]. 


Biomedical imaging using MRI has been studied in 
mice bearing MDA-MB-231 human breast cancer 
xenograft. The two polymer conjugates poly (L- 
glutamicacid) -1, 6-hexanediamine-(Gd-DO3A) was 
used for the studies. Real-time and 3D visualization of 
blood circulation, pharmacokinetics, and tumor 
accumulation of conjugates and their size effects on 
these pharmaceutics properties has been studied using 
MRI [40]. 


In anticancer drug therapy, to check the efficiency of 
drug encapsulated into nano carriers’ in vitro MRI 
method has been used. Through the result obtained by 
MRI, the diffusion of drug has been studied [41]. 


MRI has been used to guide the placement of catheter 
for local delivery of drugs. Two different image 
contrasts has been used to for this procedure, steady 
state free precession contrast was used to visualize the 
anatomy of the catheter and spoiled gradient echo 
contrast was used to view the inflow of contrasting 
agent. It was concluded that this technique was useful 
in drug delivery guided by real time MRI [42]. 


NIR 

Near Infra Red is a spectroscopic method that uses the 
near infrared region of the electromagnetic spectrum to 
image an object is called as near infrared spectroscopy. 
It is used in pharmaceutical and medical diagnostic 
procedures. Herschel discovered this near infrared 
spectroscopy [43]. 


THERAPEUTIC APPROACHES USING NIR 

For detecting, staging and monitoring of tumors, 
imaging with labeled monoclonal antibody will be 
useful. But they have a critical limiting factor. The 
limitation of antibody imaging is the high background 
signal, due to prolonged clearance from the blood that 
will reduce the tumor to background ratio. To 
overcome the problem a molecular imaging probe has 
been developed. It consists of multiple self quenching 
fluorophores [cy5.5 or Alexa flour 680 (Alexa680)] 
conjugated to a monoclonal antibody (tructuzumab). 
This conjugant will synthesize fluorescent active two 
components Tra-Cy5.5 (sq) or Tra-Alexa5.5 (sq) after 
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cellular initialization. NIR spectroscopy result showed 

that Cy5.5-conjugates produced nonspecific results as 

well as rapid liver accumulation, conjugation multiple 

Alexa680 molecules to a single monoclonal antibody. 

Thus NIR imaging with labeled monoclonal antibody 
will be useful for characterization of tumor [44]. 


To characterize the epidermal growth factor receptor 
(EGFR) over expression during cancer development 
and growth, NIR is used. In Near-infrared (NIR) 
fluorescent dye Cy5.5-labeled anti-EFGR monoclonal 
antibody Erbitux is used. This can characterize EGFR 
expression level in MDA-MB-231 and MCF-7 breast 
cancer xenografts through the images obtained from 
NIR. The uptake of probe in EGFR-positive tumors is 
identified by NIR imaging [45]. 


To identify the degree of absorption of cic-platin an 
antitumor drug NIR sensitive nanoparticles has been 
prepared. Au-Au 2S a NIR sensitive nanoparticles 
were prepared by mixing HAuCl4 and Na2S in 
aqueous solution. The anti tumor drug was absorbed on 
to the prepared nanoparticle surface via the 11- 
mercaptoundecanoic acid layers. The drug release was 
sensitive to NIR irradiation [46]. 


NIR is used to image both in vivo and ex vivo images 
of the human body. The resolution can be obtained by 
the penetration of fluorescent lights to the human body 
through probes or through fluorescent dyes applied on 
drugs or the targeting molecules. This targeting 
molecule also may be a drug. The fluorescent dyes are 
also used to target the tumor cells [47, 48]. 


Angiogenesis inhibitor that weight up to 20-KD 
present in the C-terminal region of the collagen XVII 
is the endostatin. The test conducted to verify whether 
the endostatin labeled with NIR probe can be useful in 
selective localization of tumor revealed that it will give 
image on NIR analysis [49]. 


MAGNETIC 
TECHNOLOGY 
Metallic iron and activated carbon made microparticles 
are used as a delivery vehicle for site specific 
targeting, retention and release of pharmaceuticals is 
called as Magnetic targeted carrier (MTC). For 
delivering the drugs at specific targeted site of the 
body, MTC utilizes the physical force of magnetic 
field rather than using the biological metabolism. 


TARGETED CARRIER 


The drugs are injected into body and guided to the 
target site through physical force created by magnetic 
field generated from the externally positioned magnet 
from body. Even after removing the magnetic field, the 
whole process results in localization and retention of 
delivered drug. The whole process is known as 
extravasaion. This technology enables decreased 
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exposure of the patient’s body to deliver the drug but 
the diseased site is exposed to the drug for long 
duration. 


Some advantages are, it will reduce the total amount of 
drug administration, increased concentration of desired 
drug can be delivered at targeted site and also side 
effects created by nonspecific systemic exposure can 
be limited. The metallic iron and activated carbon 
present in the MTC will not cause any side effects 
since these two compounds are pharmacologically 
active components. It contains high drug carrying 
capacity when compared t o other carriers. 


In late 1970’s Dr. Kenneth Widder and his colleagues 
introduced the field of magnetic targeting for drug 
delivery. First the practice was tested in rat tumor 
models with albuminmicrospheres that encase the drug 
and the magnetide. The magnetic albumin 
microspheres loaded with doxorubicin showed tumor 
remission activity. This has been observed as a positive 
result. The drug is mixed with the MTC carrier. The 
carbon molecule in the MTC absorbs the drug now the 
carrier molecule is injected in to the body via intra- 
arterial catheter positioned proximal. Initially MTC 
method has been used to cure solid tumor. Primary and 
metastatic liver cancers are mainly targeted. It is also 
used to target lung, bladder, kidney cancers sarcoma 
and cervical cancers using generic drugs and 
radionuclides attached to MTC [50]. 


NANOTECHNOLOGY 

Nanotechnology has been developed as an effective 
method of drug transport and delivery system. The 
nanoparticles used are generally 100 nm in atleast one 
dimension. Different biodegradable materials such as 
natural or synthetic polymers, lipids or metals are 
present in the nanoparticles. These nanoparticles are 
used as drug delivery vehicles. Since these are small in 
size they are effectively taken by the cells .Efficient 
drug delivery system through nanoparticles could be 
achieved by understanding the following factors, 


a) Pathobiology of disease 

b) Molecular mechanism 

c) Drug retention 

d) Multiple drug administration 

e) Mechanism of drug action 

f) Site of drug action 

g) Receptor present at the targeted site 

h) Biological environment and target cell population 


Antiproliferative and anti inflammatory drug 
Dexamethasone has been targeted by 
polylactic/glycolic acid (PLGA) and polylactic acid 
(PLA) based nanoparticles. Dexamethasone is a 
glucocorticoid with an intracellular site of action [51]. 
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The drugs bind to the cytoplasmic receptor and 
transported to the nucleus as a drug receptor complex. 
To control the cell proliferation, the drug receptor 
complex triggers the expression of certain genes. 
Anticancer drug coated with nanoparticles helps the 
drug to effectively cross the blood brain barrier. 
Loperamide an antinoceceptive drug loaded in to 
human serum albumin nanoparticle and linked with 
apolipoprotein E was used in tail-flick test of mice. It 
showed antinoceceptive activity by recognizing the 
lipoprotein receptors [52]. 


PEBBLE (probes encapsulated by biologically 
localized embedding) has been developed to carry 
biologically active agents to their target sites. A single 
tiny polymer that can function against tumor has been 
produced. One of the molecule will guide the PEBBLE 
to the targeted site another molecule helps to image 
PEBBLE through MRI and the final molecule deliver 
the destructive drug to the cancer cells [53]. 


Amphoterisin B is an antifungal and anti-leishmanial 
drug. It has some toxicity in formulation. To 
overcome this toxisity, it has been formulated with 
trilaurin based nanosized lipid particles or emulsions 
stabilized by soya phosphatidylcholine for macrophage 
targeting. The drug has been delivered intravenously 
[54]. 


For targeting antileishmanial drugs into macrophages 
polyalkylcyanoacrylate nanoparticles has been used. 
The macrophages targeting procedure has been 
developed due to the resistance developed by the 
microbes against antimicrobial activity of macrophage 
[55]. 


Nanoparticles coated with avB3 integrin binding 
peptides and VEGF receptors for inhibition of tumor 
growth and proliferation. ovB3 integrin and vascular 
endothelial growth factors plays a vital role in 
angiogenesis regulation. The avB3 integrin expressed 
on endothelial cells of angiogenic blood vessels 
bounded with synthetic polypeptide bearing Arg-Gly- 
Asp (RGD) sequence. This will potentially inhibit 
tumor growth and proliferation [56]. 


BIO-MEMS TECHNOLOGY 

Bio-MEMS mainly used _ for _ fabrication of 
macromolecules to micro or nano molecules. The 
components that range from 1 to 100 micrometers are 
used to make MEMS. Silicon, Polymers and metals are 
some of the materials generally used to make MEMS. 
Bio-MEMS technology is used in medical and health 
related technology from Ib-on-chip to micro total 
analysis. Some examples are biosensors, 
chemosensors, etc. One of the advantages of using 
Bio-MEMS is that, it can be made in high volume at 
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low cost that has pillared the use of MEMS in various 
fields [57]. 


To apply MEMS technology in medical and biology 
field, variety of devices are made for microfabrication. 
This technology includes both electronic and non 
electronic elements perform sensing, processing, 
actuation and control mechanism. It has been 
developed to face analytical applications. Some 
components for MEMS drug delivery systems are, 


a) Micropump 

b) Microvalve 

c) Macroactuator 
d) Micrineedles 

e) Microreservoirs. 


By the development of micro needles and immune 
isolation bio capsules silicon based MEMS technology 
has been initiated [58 - 61]. 


Release of specific therapeutic agents in complex 
dosing patterns is the main goal of MEMS in medicinal 
field. Hormones, chemotherapeutic agents, analgesics, 
anesthetics and some other bioactive components can 
be released [62]. 


Some of the complexities in MEMS drug delivery is 
that it should not induce the toxicity of the surrounding 
tissues, the drug eluting capacity of the MEMS should 
not be reduced by the surrounding tissues, biofouling 
of the nearby tissues should not occur due to the 
exposure of this MEMS membrane [63]. 

Materials used for constructing MEMS delivery 
systems are metallic gold, silicon, silicon dioxide, 
silicon nitride and SU-8™ photoresist. These materials 
are fabricated to nano sized particles for drug delivery 
system. To test the complexities of MEMS delivery the 
system has been tested for leukocyte behavior and 
cellular adhesion in rat model. The results predicted 
that, the MEMS membrane showed biocompatible and 
reduced biofouling effects. It has been concluded that 
MEMS drug delivery using gold, silicon nitride, silicon 
dioxide, SU-8™ is good for drug delivery mechanism 
[64]. 


LASER TECHNOLOGY 

Laser has been developed in recent years for drug 
targeting process. It is an advanced method of drug 
targeting. Most probably laser technology will 
combine with instrumentation like Mass spectroscopy, 
High pressure liquid chromatography, Size exclusion 
chromatography, Frontal affinity chromatography, etc, 
to screen the interaction between drug and the target 
component. For the development of new therapeutic 
agents the main reason is the target based drug delivery 
system. The advent of electrospray ionization and 
Matrix assisted laser desorption ionization (MALDJ) is 
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for targeting the protein molecule to identify and to 

predict its function. This is said to be function based 

screening. Analyte molecules are trapped with in a 

porous silicon surface through a matrix-free technique 

called the Desorption/ionization on silicon (DIOS) 

time of flight technique. The analyte is absorbed and 
ionized by laser [65]. 


By this method very small amount of sample can be 
analyzed and also quantitative analysis can be done. 
For enzyme active site profiling, DIOS system can be 
used. A cleavable linker is present is the more delicate 
affinity DIOS system. This linker can be cleaved by 
laser pulse developed by DIOS system. The 
combination of this DIOS system along with tethering 
technology has been used for profiling enzyme active 
sites [66, 67]. 


CONCLUSION 

Drug designing and non-conventional drug imaging 
techniques are important to image the targeted drugs in 
the pharmaceutical field. In addition, advanced 
imaging techniques such as SPECT, PET, MRI and 
NIR are used to image the targeted drugs in the body. 
Targeted drugs have to pass through specific barriers 
inside the body to reach target tissues or organs. 
Imaging the radiotracer labeled drug through SPECT 
and PET gives accurate and reliable measurements of 
targeted drug delivery. Neuroreceptor imaging in brain 
through PET helps to study the relationship between 
the dose of the targeted drug administered and the 
receptor occupancy of the targeted drug. In addition, 
some advanced technologies such as Magnetic based 
technology, nanotechnology, Bio-MEMS technology 
and laser technology also used to detect the targeted 
drugs. For delivering the pharmaceuticals/drugs at 
specific targeted site of the body, magnetic targeted 
carrier utilizes the physical force of magnetic field 
rather than using the biological metabolism and allows 
keeping a larger dose of the drug at the specific site 
(tumor) for a longer period of time, and helping protect 
healthy tissue. Nanotechnology has wider application 
for targeting the drugs with the help of natural or 
synthetic biopolymers. Bio-MEMS technology is used 
in medical and health related technology from Ib-on- 
chip to micro total analysis. High volume low value 
based technology is one of the advantages to use this 
technique. In the Bio-MEMS technology, fabrication 
step is important and fabrication materials like 
polymer, gold, silicon are used for drug targeting and 
drug delivery. Laser technology is used for drug 
targeting, drug imaging (to image the drugs that are 
bound with specific analytes). The present article 
indicates an overview regarding the applicability of 
different technological advancements of different 
dimensions in pharmaceutical research field. 
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